Escalating fossil fuel cost and concern over global climate change have accelerated interest in cellulosic feedstocks, such as corn (Zea mays L.) cobs, for liquid fuel production. Little information is available about this plant organ. We compiled and summarized available cob data from several recent fi eld studies in the Central Great Plains. Data were collected from two locations in Colorado and two in Texas that had multiple N fertilizer treatments, varying tillage systems, and diff erent growing seasons. Cob:grain yield ratio, cob:ear ratio, cob:stover ratio, and cob N and C uptake were determined for each site. Cob yield generally increased with increasing N rate. At the high N rates, cob yield ranged from 1.44 to 2.2 Mg ha −1 . Cob:stover ratio ranged from 0.14 to 0.25 at high N fertilizer levels. Th e N concentration varied little among N levels at any location, varying more among locations and year, ranging from 2.52 to 5.19 g kg −1 . Nitrogen uptake at the highest N-levels ranged from 4.65 to 8.37 kg ha −1 . Th e relationship between fi nal grain yield at 155 g kg −1 water content and oven-dried cob yield was linear (r 2 = 0.75) such that cob yield increased 0.096 Mg ha −1 for each Mg ha −1 increase in grain yield. Th is study provides basic information on cob yield and quality for agronomists, and examples are discussed on how the data could be useful for determining the feasibility of harvesting corn cobs as a cellulosic feedstock.
G rain ethanol and biodiesel are currently the predominate biofuels in the United States, but even optimistic assessments of future contributions of grain-based ethanol for liquid fuels are 10% or less (Perlack et al., 2005) . Cellulosic biomass is anticipated to play a much larger role compared with grain in supplying liquid transportation fuels such as ethanol (Perlack et al., 2005) . Cellulosic materials (e.g., straw, stover, herbaceous perennials) are potential feedstocks for thermochemical (pyrolysis) and biochemical (fermentation) conversion. Th ere are logistic, economic, and environmental issues to address as the bioeconomy develops (Lal, 2004; Johnson et al., 2007b; Landis et al., 2007; Miller et al., 2007) . Ideally, through understanding interactions and trade-off s, feedstocks can be developed that optimize multiple benefi ts and minimize risks (Johnson et al., 2007b; Miller et al., 2007) .
Th e low density and size variability of nonwoody cellulosic feedstock presents major transportation and handling challenges for utilizing these materials for energy (Perlack and Turhollow, 2002) . Current methods of gathering corn stover or small grain straw require a separate harvest operation and frequently the material is baled (Petrolia, 2008) , although, experimental one-pass harvest equipment is being developed and tested (Hoskinson et al., 2007) . Th e potential for excessive stover harvest has also raised soil protection issues (Wilhelm et al., 2007) , so the ethanol industry has expressed interest in using corn cobs as a biofuel feedstock rather than total stover (e.g., Project Liberty, 2008 ; and http://www.cvec.com/; verifi ed 23 Jan. 2009). Th ese groups harvested cobs on-farm in the fall of 2008 with prototype harvest equipment.
Corn cobs have several advantages compared with using all of the stover for both thermochemical and fermentation conversion platforms. Crofcheck and Montross (2004) found that cobs had the highest glucose concentration during enzyme hydrolysis compared with other stover fractions with and without pretreatment. Th is means the cob fraction had the highest quality as a cellulosic fermentation feedstock. Total energy content of corn stover fractions (cobs, husk, leaves, stalk, and grain) ranged from 16.7 to 20.9 kJ g −1 at physiological maturity, with cobs being at the higher end of this range (Pordesimo et al., 2005) . Others (Treier et al., 2006; Yu et al., 2008) have reported similar heat values (18.4-18.7 kJ g −1 ), with low ash, N, and S relative to coal. Th e low N and S concentration reduces potential production of NO x and SO 2 pollutants. Cobs also represent a fraction of the stover that has relatively uniform size and shape and higher density compared with other fractions. Coupled with the favorable chemical characteristics, interest in using corn cobs as a cellulosic feedstock has increased rapidly.
Collection of only corn cobs would leave the bulk of the corn stover in the fi eld (Pordesimo et al., 2004) . Th ere are multiple benefi ts for this because leaving crop stover and straw on the soil surface helps minimize soil erosion (Lindstrom, 1986; Erenstein, 2002) by protecting the soil from erosive forces (Wilson et al., 2004) . Most estimates (e.g., Nelson, 2002; Graham et al., 2007) of the amount of biomass that can be harvested focus on controlling erosion, but the minimum input necessary to prevent the loss of soil organic carbon (SOC) appears to exceed that needed for erosion control (Wilhelm et al., 2007) . Unharvested biomass provides the raw material for humifi cation to soil organic matter (SOM). Less of the aboveground biomass is humifi ed into SOM relative to roots, but of the stable SOM it has been estimated that 25 to 33% originated from stover (Balesdent and Balabane, 1996; Allmaras et al., 2004; Wilts et al., 2004) . As reviewed by Johnson et al. (2006) , there are many examples of a positive linear relationship between aboveground biomass inputs and SOM. A minimum amount of biomass is required for a given tillage and cropping system to maintain SOM with insuffi cient inputs resulting in a net SOM loss, whereas additional inputs will tend to sequester SOC as SOM.
As the use of combines to harvest corn expanded during the 20th century, there was very little interest in corn cobs. As a result, Varvel and Wilhelm (2008) point out that there is currently very little data available comparing eff ects of N application, cropping system, tillage, and hybrids on cob yield. Data is lacking on the quantity of N and C potentially removed if cobs were harvested and removed from the land. Our objective, therefore, was to compile and summarize available agronomic cob data from several recent fi eld studies in the Central Great Plains. Relationships between cob and total grain yield, cob and total stover production, and cob N and C uptake are examined. We provide examples of how this data can be used in determining the feasibility of harvesting corn cobs as sole or contributing cellulosic feedstock for sustainable biofuel production.
MATERIALS AND METHODS
Aboveground corn biomass samples were collected from irrigated N fertility studies near Rocky Ford and Fort Collins (two studies), CO, and near Dalhart and Texline, TX. Location information and soil parameters for each site are summarized in Table 1 . Tillage, N rate, and form of application, corn hybrid, established plant population, and growing season precipitation for each year and site are summarized in Table 2 . Additional details for each of these studies have been provided by Halvorson et al. (2005a Halvorson et al. ( , 2005b Halvorson et al. ( , 2006 Halvorson et al. ( , 2007 Halvorson et al. ( , 2008 Halvorson et al. ( , 2009 ).
Aboveground corn biomass was generally measured in midto late-September each year by randomly hand harvesting 15 whole plants from a corn row within each plot near (within 2 wk) or at maturity (grain black-layer). Th e corn ear was separated from each plant and the stalks and ears were oven dried at 65°C. Aft er drying, the ears were shelled to obtain grain and cob weight. Grain, cob, and stalk yield was calculated using the plant population obtained by counting the number of corn plants in two adjacent 7.6-m corn rows in each plot. Th e cob:grain, cob:ear, and cob:stover ratios were calculated from this oven-dried biomass data. Stover included all nongrain aboveground biomass. Cob samples were ground to pass a 150-μ screen and analyzed for C and N concentration using a Carlo Erba C-N analyzer (Haake Buchler Instruments, Inc., Saddle Brook, NJ) 1 (2001 through 2004) or Elementar vario Macro C-N analyzer (Elementar Americas, Inc., Mt. Laurel, NJ) from (2004 through 2007) . Cob N and C uptake were calculated from the N and C concentration and cob yield data.
Final corn grain yields, separate from those estimated from the biomass sampling, were determined at physiological maturity from mid-September to late-October each year by harvesting ears from an 11.6-m 2 or larger area of each plot. Grain was separated from the cob using a corn sheller when hand harvested (Texas and Fort Collins locations) or with a plot combine at the Rocky Ford location. Grain moisture was measured and used to adjust fi nal yields to a water content of 155 g kg −1 .
Analyses of variance were performed using Analytical Soft ware (Tallahassee, FL) Statistix8 program to determine treatment eff ects. All statistical comparisons were made at α = 0.05 probability level unless otherwise stated using the Bonferroni method for mean separation. At the Texas sites, diff erences between N treatments were not signifi cant, so only yearly diff erences are reported.
Among location and year comparisons were performed using Proc GLM, LSmeans, adjusted for Bonferroni comparison in SAS Version 9.1 (SAS Institute Inc., Gary, NC). Th is amonglocation comparison only included the high-N treatment for each year at each location. Th is N treatment was chosen as it more closely refl ects normal production practices. Th is approach was used to provide information on variability of cob production in the Central Great Plains.
RESULTS AND DISCUSSION
Rocky Ford, CO At Rocky Ford, fi nal corn grain and oven-dried cob yields increased with increasing fertilizer N rates (Table 3) and varied with year with a signifi cant N rate × site-year interaction. Th e grain × cob yield interaction probably resulted from the very low grain and cob yields at the S1-07 site in 2007 as a result of severe N defi ciency at the low N rates following the 2006 corn crop with high levels of residual soil N (Halvorson et al., 2008) . Th e control (N1, no N fertilizer) cob yields ranged from 0.88 Mg ha −1 (S1-07) to 1.63 Mg ha −1 (S2-07), while at the highest N rates cob yields ranged from 1.70 Mg ha −1 (S1-02) to 1.99 Mg ha −1 (S2-07).
Cob N concentration did not vary with fertilizer N rate and averaged 3.64 g kg −1 over all N rates (Table 3) . Cob N concentration varied with year, ranging from 2.98 to 4.68 g kg −1 . Cob C concentrations did not vary with fertilizer N rate averaging 467 g kg −1 , but did vary with year with a N rate × site-year interaction. Th e interaction probably resulted from the increasing trend in C concentration with increasing N rate at the S1-07 site and the high C concentration of N4 treatment at the S1-03 site. Diff erences in C concentration were very small and of little practical signifi cance. Cob C:N ratios did not vary among N rates, but varied with site-year, ranging from 105 (S1-03 site) to 159 (S2-07). Cob N uptake increased with increasing N rate and varied with site-year. Cob N uptake ranged from 4.8 to 6.6 kg N ha −1 with increasing N rate. Cob C uptake ranged from 405 to 932 kg C ha −1 , with a N rate × site-year interaction. Th e interaction probably resulted due to the very low C uptake values at the low N rates at the S1-07 site in 2007 compared with the other site-years. Cob C uptake increased with increasing N rate, ranging from 627 to 848 kg N ha −1 and was proportional to cob yield. Cob C uptake varied among years.
Th e cob:grain ratio varied with N rate and site-year with a signifi cant N rate × site and/or year interaction (Table 3) . Cob:grain ratios decreased with increasing N rate except at the S1-03 site and S2-07 site, which probably is responsible for the interaction. Cob:grain ratio varied with year. Cob:grain ratios ranged from 0.16 at low N levels to 0.12 at higher N levels. a disk/chisel to 30-36 cm in fall after harvest and light disking in spring; and no-till (NT) at Fort Collins, CO, had no tillage operations. § Top plant population value is for CT plots and bottom value for NT plots at Fort Collins site. ¶ Growing season precipitation (April through September).
Cob:ear ratio ranged from 0.10 to 0.14 with a signifi cant N rate × site-year interaction. Th e trend was for cobs to be a greater fraction of ear mass at low N rates than at high N rates, except for the S1-03 and S1-06 sites. Cob:stover ratio was 0.16 when averaged over N rates, ranging from 0.14 (S1-03) to 0.18 (S1-02) across years.
Fort Collins, CO-Conventional-Tillage
At Fort Collins, fi nal corn grain and oven-dried cob yields increased with increasing N rate which varied with year, resulting in a signifi cant N rate × year interaction in the conventional-till (CT) continuous corn N study (Table 4) . Th e interaction probably resulted from the lower grain yields in 2006 caused by severe water stress due to a mechanical failure of the irrigation system during late tasseling and pollination of the corn crop. Lack of irrigation water during this period resulted in reduced grain yields compared with the other years, especially at the high N rate (N6). Also contributing to the interaction was the adjustment in N rates in 2007 (Table 2) , which increased the grain yield of the N2 treatment considerably compared with the other years. Th is change in the N2 rate of N application also contributed to the signifi cant N rate × year interaction for cob yield, along with the generally lower Table 3 . Final corn grain yield (at 155 g kg -1 moisture content) and biomass oven-dried cob yield, cob N and C concentration, cob C:N ratio, cob N and C uptake, cob:grain, cob:ear, and cob:stover ratios in the conventional-till, furrow irrigated corn site at Rocky Ford, CO, as a function of N fertilizer treatment. Table 2 for N rates). ‡ Within a column or row, year or average N values followed by the same letter or the absence of letters are not signifi cantly different at P < 0.05 using the Bonferroni mean comparison.
Cob N concentration did not vary with fertilizer N rate, averaging 3.51 g kg −1 over all N rates; however, cob N concentration did vary with year, with a low of 2.82 g kg −1 in 2007 and a high of 4.17 g kg −1 in 2005 (Table 4 ). Cob C concentration increased with increasing N rate in 2004, but not in any of the other years, resulting in a signifi cant N rate × year interaction. Averaged over years, there was a lower C concentration for the lowest N rate compared with the other N rates with a range of 457 to 469 g kg −1 . Cob C concentration varied with year, ranging from 457 to 475 g kg −1 . Th e cob C:N ratio varied only with year, ranging from 113 to 166. Th e cob C:N ratio averaged over all N rates was 139. Cob N uptake increased with increasing fertilizer N rate and varied with years, resulting in a signifi cant interaction. Since cob N concentration did not vary with N rate, the interaction for cob N uptake refl ects the trends found for cob yield. Th e increase in N uptake with increasing N rate was only signifi cant in 2004 and 2005 . Cob N uptake averaged over years ranged from 3.2 kg N ha −1 (N1) to 6.0 kg N ha −1 (N6). Averaged over N rates, N uptake ranged from 3.9 kg N ha −1 (2006) to 5.6 kg N ha −1 (2002). Cob C uptake Final corn grain yield (at 155 g kg -1 moisture content) and biomass oven-dried cob yield, cob N and C concentration, cob  C:N ratio, cob N and C uptake, cob:grain, cob:ear, and cob:stover ratios in the conventional-till, sprinkler irrigated continuous corn  site at Fort Collins, CO, as a function of N fertilizer Table 2 for N rates). N4 rate was not included because it was not present all years. ‡ Within a column or row, year or N average values followed by the same letter or the absence of letters are not signifi cantly different at P < 0.05 using the Bonferroni comparison.
increased with increasing N rate and varied with year, resulting in a signifi cant interaction. Cob C uptake ranged from 370 to 962 kg C ha −1 , increased with increasing fertilizer N rate in all years, and was proportional to cob yield. Th e cob:grain ratio (oven-dried basis) varied with fertilizer N rate and year with a signifi cant interaction (Table 4) . Cob:grain ratio varied with N rate only in 2002 and 2007 and then not in a consistent pattern. When averaged over N rates and years, the cob:grain ratio at biomass harvest ranged from 0.14 (low N) to 0.15 (high N). Cob:grain ratio ranged from 0.13 to 0.16 over years. Cob:ear ratios varied inconsistently with increasing N level from year to year, resulting in a signifi cant interaction. Only in 2002 were there diff erences among N rates, with some diff erences between years within a given N level, which may account for the interaction. Cob:ear ratio ranged from a low of 0.11 to 0.14 over all N levels and years. Averaged over years, cob:ear ratio only ranged from 0.12 to 0.13 among N levels with no consistent pattern. Averaged over N levels, cob:ear ratio ranged from 0.12 to 0.14. Cob:stover ratios increased with N rate only in 2006, and then only at the high N rate, with variation in cob:stover ratios among years resulting in a significant interaction. Averaged over years, cob:stover ranged from 0.17 (N1) to 0.20 (N6). Over all N rates and years, cob:stover ratios ranged from 0.15 to 0.19 at the low N rate (N1) and from 0.17 to 0.25 at the high N rate (N6).
Fort Collins, CO-No-Tillage
In the no-till (NT) continuous corn N study at Fort Collins, fi nal corn grain yields increased with increasing fertilizer N rates with yields varying with years, resulting in a signifi cant interaction (Table 5) . Th e grain yield interaction probably resulted from the lack of response to N above the N4 rate in 2006 compared with previous years and the higher grain yields resulting in 2007 for the N2, N4, and N5 treatments when the N rates were increased (Table 2) . Oven-dried cob yields increased with increasing N level, ranging from 0.88 kg ha −1 (N1) to 1.64 kg ha −1 (N6) when averaged over years. Annual cob yields ranged from 1.02 kg ha −1 (2003) to 1.48 kg ha −1 (2004) when averaged over N levels.
Cob N concentration, averaged over N levels, varied with year, ranging from 2.96 g kg −1 (2004) to 4.46 g kg −1 (2006) ( Table 5 ). Cob N concentration did not vary with N rate, averaging 3.75 g kg −1 . Th e only statistical diff erence in cob C concentration among N level was between N1 (462 g kg −1 ) and N5 (467 g kg −1 ). Th e only diff erence in yearly cob C concentrations was 2003 (470 g kg −1 ), which exceed all other years. Cob C:N ratios varied only with years, ranging from 109 to 161 when averaged over N rates. Nitrogen level did not aff ect cob C:N ratio, averaging 131 over all N rates.
Cob N uptake increased with increasing fertilizer N rate when average over years, ranging from 3.4 kg N ha −1 (N1) to 6.2 kg N ha −1 (N6), which was primarily due to increased cob yield with increasing N level (Table 5) . Averaged over N levels, cob N uptake varied with years, ranging from 3.9 to 5.1 kg N ha −1 . Cob C uptake increased with increasing fertilizer N rate when averaged over years, ranging from 409 kg C ha −1 (N1) to 765 kg C ha −1 (N6), which was primarily due to increased cob yield with increasing N level (Table 5) . Averaged over N rates, cob C uptake varied with years, ranging from 480 to 688 kg C ha −1 .
Th e cob:grain ratio at biomass harvest did not vary with fertilizer N rate, averaging 0.17 (Table 5) . Cob:grain ratio averaged over N rates varied with year and ranged from 0.13 to 0.22. Cob:ear ratios did not vary signifi cantly with N level, averaging 0.14. Cob:ear ratios varied with year when average over N rates, ranging from 0.11 to 0.18. Cob:stover ratios increased with increasing N level and varied with year, resulting in a signifi cant interaction. Over years, cob:stover ratios ranged from 0.15 to 0.20 for N1 and 0.16 to 0.22 for N6, with 2004 having the highest cob:stover ratio when compared with other years and varying N levels which probably contributed to the N × year interaction. Averaged over N levels, yearly cob:stover ratios ranged from 0.15 to 0.21.
Dalhart and Texline, TX
Reduced-tillage was used at both Texas sites. Final corn grain and oven-dried cob yields varied signifi cantly with year (Table 6) Cob N concentration varied among years at both sites, ranging from 3.25 to 4.77 g N kg −1 at Dalhart and 2.65 to 4.73 g kg −1 at Texline (Table 6 ). Cob C concentration varied significantly with year at Texline but not at Dalhart, averaging 466 g kg −1 at Dalhart and ranging from 460 to 475 at Texline. Cob C:N ratios varied with years at both sites, ranging from 100 to 132 at Dalhart, and 99 to 177 at Texline. Cob N and C uptake did not vary with years at Dalhart, but did at Texline following the same pattern as cob yield. Average N and C uptake was 7.0 and 793 kg ha −1 at Dalhart, respectively. At Texline, N uptake ranged from 4.7 to 8.3 kg N ha −1 and C uptake ranged from 767 to 1046 kg C ha −1 .
Th e cob:grain ratio (oven-dried basis) at biomass harvest did not vary with years at Dalhart (average 0.14), but did vary at Texline, ranging from 0.11 to 0.17, with the highest ratio observed (2002) when cob and grain yields were the lowest (Table 6 ). Cob:ear ratio did not vary signifi cantly with years at Dalhart (0.12) but did vary at Texline, ranging from 0.10 in 2003 when grain yields were high to 0.15 in 2002 when grain yields were low. Cob:stover ratios varied with years at Dalhart and Texline, ranging from 0.14 to 0.18 at both locations. Averaged over years, the cob:stover ratio was 0.16 at both Dalhart and Texline.
Integration and Application
A linear relationship (r 2 = 0.75) was found between fi nal grain harvest yield and oven-dried cob yield at biomass harvest for all treatments (N levels) at all locations (Fig. 1) . Cob yield increased 0.095 Mg ha −1 for each 1 Mg ha −1 increase in grain yield when using data from all years and treatments evaluated in this study. Th us, if the grain yield for an area is known, an estimate of available cob yield is easily calculated, similar to the technique used by Johnson et al. (2006) to estimate stover yield from grain yield with harvest index. Th is is important as the bioenergy industry develops because, although county average grain yields are readily available through the USDA-NASS (http://www.nass.usda.gov/; verifi ed 23 Jan. 2009), other biomass fractions are not.
We were interested in cob yield especially at the high N rates, which we felt may more closely represent production practices in the Central Great Plains. Comparing the high N rates for each year at each location, we found a signifi cant location × year interaction (Table 7) . Th e highest cob yields among these locations and years were at Texline in 2004 (2.20 Mg ha −1 ) and the lowest at Fort Collins-CT in 2003 (1.44 Mg ha −1 ). Th ese outlying values contributed to the signifi cant interaction, as there was little diff erence among the other locations and years. Th ere were not diff erences among location averages, suggesting the overall average of 1.76 Mg ha −1 may be a reasonable rough estimate for cob yield in the Central Great Plains, provided there is adequate water. Th ese cob yields are in the range reported by Varvel and Wilhelm (2008) for a rainfed and an irrigated corn cropping system site in eastern Nebraska. Final corn grain yield (at 155 g kg -1 moisture content) and biomass oven-dried cob yield, cob N and C concentration, cob  C:N ratio, cob N and C uptake, cob:grain, cob:ear, and cob:stover ratios in the no-till, sprinkler irrigated continuous corn site at  Fort Collins, CO, as a function of N fertilizer 0.15 0.14 0.14 0.14 0.14 0.14 0.14 0.16b 0.17ab 0.17ab 0.18ab 0.18a 0.18a 0.17 ICV ns WNL = 0.05; BNL = 0.05 † N1 through N6 represents increasing N fertilization rate (see Table 2 for N rates). ‡ Within a column or row, year or average N values followed by the same letter or the absence of letters are not signifi cantly different at P < 0.05 using the Bonferroni mean comparison.
Nitrogen and C uptake refl ects both the concentration and cob yield. Th e concentration of N in cobs is low even at the highest N rates (Tables 3-6 ). At the highest N rates among location years, the maximum N uptake was at Rocky Ford in 2003 (8.37 kg N ha −1 ), refl ecting the very large cob yield. Th e lowest N uptake was at Fort Collins-CT in 2006 (4.65 N ha −1 ) . Th e N uptake in cobs was about 5% at Rock Ford and 2% at Fort Collins of the N applied, based on the highest N rate (Tables 2, 7) . Averaged over years, the average N uptake did not vary among locations, with an overall average of 6.5 kg ha −1 (14.6% CV). Th e amount of organic C in cobs ranged from 671 to 1046 kg ha −1 . Th ere were few other signifi cant diff erences among the remaining location years. Similar to cob yield and N uptake; C uptake did not diff er among locations, with an overall average of 822 kg ha −1 (8.9% CV). Cob:stover ratio varied more among years than by N rate at the various locations (Tables 3-6 ). At only the high N levels, cob:stover ratios ranged from 0.14 at Texline in 2002 to 0.25 at Fort Collins-CT in 2006 (Table 7) . Th e cob:stover ratio at the Fort Collins-CT was higher on average than Dalhart, Rock Ford, or Texline. Th e cob:stover ratio range reported for these Central Great Plains locations is comparable with values reported by others. Pordesimo et al. (2004) reported a cob:stover ratio of 0.15 based on two hybrids and Myers and Underwood (1992) estimated a cob:stover ratio of 0.20.
Cob Harvest
What are the potential C, N, and soil erosion impacts of removing only the cob fraction of the stover? Removing the cob will remove organic C and N as well as other nutrients. Th e amount of N removed is small, especially at high N fertilizer rates (Table 1) . Th e high C:N ratio of cobs (Tables  3-6 ) is expected to result in N immobilization and slow cob decomposition (Parr and Papendick, 1978) . Th e impact on the subsequent crops' available N supply may be improved with cob removal, but corn stover can also have a very high C:N ratio (Johnson et al., 2007a) . Th erefore, without mineralization studies, it is risky to speculate on the extent cob harvest would impact short-term (1-yr) N cycling.
Cobs are relatively dense compared with stover, with uniform size and typically low area:mass ratio. Cob harvest is unlikely to exacerbate soil erosion, especially if NT or reducedtillage production systems are utilized, because more than 80% of the aerial biomass remains. To illustrate this principle using the Fort Collins-NT site, average cob yield of 1.26 Mg ha −1 and a cob:stover of 0.17 (Table 5) , harvesting all cobs would still leave about 6.0 Mg biomass. Th is should be adequate to meet SOM needs in a continuous corn system, especially using a NT system ( Fig. 2 ; Wilhelm et al., 2007) . At the Texline and Dalhart locations (Fig. 2) , there may even be suffi cient biomass produced such that a percentage of the stover could be harvested in addition to the cobs, unless the fi eld received intensive tillage (e.g., moldboard plow) or low biomass inputs in the rotation crops (e.g., cotton or soybean).
How large of a land mass would be needed to produce suffi cient corn cob biomass for an industrial size cellulosic facility? With current technology, an estimated feedstock supply of 450 Mg of corn cobs per day (164,250 Mg annually assuming 365 d) is the projected requirement for a cellulosic ethanol plant to be built in Iowa (Project Liberty, 2008) . Using those specifi cations, a hypothetical case study can be developed for any location; in this example we used data from the Texline location. In 2007, there were 52,000 ha of corn harvested in Dallam County, TX, and the county average yield was 12.41 Mg ha −1 (http://www.nass.usda.gov/Data_and_Statistics/ Quick_Stats/index.asp; verifi ed 23 Jan. 2009). Using the relationship between grain and cob yield (Fig. 1) , this corresponds to a county average cob yield of 1.62 Mg ha −1 . Harvesting cobs in the county could provide 82,240 Mg annually. Clearly, other feedstock would be needed, or cobs would need to be imported from surrounding counties to support a cellulosic plant of this scale. Th e other conclusion would be that this is not the best site for an industrial-scale cellulosic ethanol plant.
Th e second case study is for a small-scale project operation. Th is example is based on the biomass boiler being constructed at the University of Minnesota, Morris (Stevens County), which is anticipated to need feedstock at a rate of 15 Mg d −1 , for peak demand (http://renewables.morris.umn.edu/ biomass/). Currently, demand for feedstock is estimated at about 8,200 Mg per year, and utilizes a range of feedstocks (J. Tallaksen, 2008, personal communication) . For the purpose of this discussion, lets assume the maximum feedstock demand (12,000 Mg yr −1 ) and cobs as the exclusive feedstock. In 2007, over 62,000 ha of corn was harvested in Stevens County, MN, with a county average grain yield of 8.8 Mg ha −1 . Th is corresponds to an estimated cob yield of 1.28 Mg ha −1 . At a very high peak rate of operation, cobs would be needed from about 7,300 ha (11%) of the county's corn acreage.
SUMMARY
Corn cobs alone cannot solve the complicated issues of escalating fossil fuel cost and global climate change, but they have multiple desirable characteristics (high density compared to stover, favorable glucose content, high energy content, and low N, S, and ash content) as a cellulosic feedstock for either ethanol fermentation or gasifi cation. In addition, harvesting corn cobs has fewer negative costs in terms of erosion, nutrient (e.g., N), or C removal. Th ese data provide the biofuel industry with one of the most rigorous estimates of corn cob yield and quality. Th e data also provided a very good relationship (r 2 = 0.75) for predicting cob yield from grain yield that is publicly available for specifi c geographic areas. Th is relationship is anticipated to be very useful when evaluating the feasibility and scale for cellulosic thermochemical or biochemical conversion facilities.
